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NOVEL PROTEIN KINASE RECEPTORS 



of the Invention 

The present invention relates generally to novel human protein kinase receptors and to the 
nucleic acid molecules encoding them. More specifically, the invention relates to the 
isolation of ONA sequences encoding kinase receptors with homology to the transforming 
growth factor 0 type II family of receptors. 

Backgroun d to the Invention 

The transforming growth factor-beta (TGF-beta) superfamily consists of a family of 
structurally related proteins, including TGF-betas, 8Ctivins, inhibins, Mulierian inhibiting 
substance and bone morphogenic proteins (BMPs), which regulate cell proliferation, 
differentiation and various other cell functions (for review see Roberts and Sporn, (1990), 
Peptide Growth Factors and their Receptors, part I, Sporn and Roberts eds Springer-Verlag, 
Berlin, pp 419-472; Massague (1990), Annu, Rev. Cell Biol. 5, 597-641; ValefiiaJ (1990), 
Peptide Growth Factors and their Receptors, part I, Sporn and Roberts eds, Springer 
Verlag, Berlin, pp 419-472; Gate et al , (1990), Peptide Growth Factors and their 
Receptors, part I, Springer Verlag, Berlin pp 179-210). The action of these growth factors 
is mediated through binding to specific cell surface receptors. Within this family, TGF-beta 
receptors have been most thoroughly characterized. By covalently crosslinking 
radiolabeled TGF-beta to cell surface molecules followed by polyacrylamide gel 
electrophoresis of the affinity labeled complexes, three distinct size classes of ceil surface 
proteins {in most cases) have been identified, named receptor type I, type II and type HI 
(or betaglycan), (For review see Massague, (1992), Cell 69, 1067-1070). Current 
evidence suggests that type I and type II receptors are involved in receptor signal 
transduction (Segarini, (1989) si_fil. Mol. Endo., 2 261 - 272 Laiho SLSl <1991), J Biol, 
Chem. 266 9100-91 12). and that the type III receptor (betaglycan) has a more indirect 
rote, possibly by facilitating the binding of ligand to type II receptors (Lin et al (1992) Cell 
£fi 775-785). 

Binding analysis with activin A snd BMP4 have led to the identification of two coexisting 
crosslinked affinity complexes of 50-60kDa and 70-80 kDa on responsive cells (HinofiUi, 
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(1989). J Biol. Chem. 264, 10309-10314; Mathews and Vale (1991), Cell £3 775-785; 
Paralkar et al (1991). Proc. Natl. Acad. Sci. USA, fi7 8913-8917). In analogy with TGP- 
beta receptors they are thought to be signalling receptors and have been named rec 
type I and type H 

Molecular cloning 8nd sequence determination of the mouse activin receptor II (mActR-ll) 
cDNA (Mathews and Vale, (1 991 ) Cell £5,973-982) revealed the predicted structure of the 
receptor to be a transmembrane protein with an intracellular serine/threonine kinase 
domain. The activin receptor is related to the C. eleaans daM gene product, the ligand 
is currently unknown. (Georgi, et a! . (1990), Cell £1, 635-645). Recently, ActR-ll was 
shown to be a serine/threonine/tyrosine protein kinase (Nakamura et al (1992), J Biol 
Chem 267 . 18924-18928). Another subtype of the activin receptor, Act-R-lIB of which 
there are different splicing variants, has recently been cloned, and also appears to code for 
a receptor-type serine/threonine kinase. (Matthews et al (1992), Science 255 , 1702* 
1 705; Attisano et al (1 992), Cell 6£. 97-108). The TGF-beta type II receptor cDNA was 
also isolated recently, using an expression cloning strategy, and shown to be a functional 
transmembrane serine'threonine kinase receptor (Lin %\ al (1992), Cell ££, 775-785). 
Although the kinase domains show significant homology, the extracelluar domains of Act- 
Ril, Act-R-IIB and TGF-beta type ll show little sequence similarity to each other, although 
they all contain a cysteine rich region, 



To ascertain whether there were other members of this family of receptors, a protocol was 
designed to clone ActR-ll/ daf 1 related genes. This strategy made use of the polymerase 
chain reaction (PCR), using degenerate primers based upon the amino acid sequence 
similarity between the kinase domains of m Act R.ll and daf 1 gene products. This strategy 
resulted in the isolation of a new family of receptor kinases. These genes showed a 13- 
39% sequence similarity with ActRII and TGF-beta Ril and 40-92% sequence similarity 
towards each other in the kinase domains. 

These cloned genes can be used to express the receptors, which can then be used to 
isolate the respective ligends. Agonists and antagonists may be designed which may be 
useful in regulating receptor functions. Antibodies may also be raised against the 
receptors and used in immunoassays and related analytical methods, to measure and 
detect the receptors as well as modulate their activity. 
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Alignment of the serine/threonine (S/T) kinase domains of related 
receptors. 



Sequence and characteristics of the primers used in the initial PCR 
reactions. 



Northern blot analysis of various cell lines - A549 (lanes 1 & 2). HEL 
without (lane 3) and with TPA treatment (lane 4), HSC-2 (land 6), 
MCF7 (lane 7), T47D (lanes 8 & 9), LIMCAP (lanes 10 & 11). Cells 
were cultured without serum for lanes 1, 6, 8 and 10. Hybridised 
with PCR product 11.1 or 1 1.2. 



Figure A 



Northern blot analysis of various cell lines. HEL and TPA (lane 1), 
HEL (lane 2), AG1518 (lane 3). PC3U (lane 4). Hybridised with 
labelled PCR product 11.3. 



Flaw B 



Nucleotide sequence and deduced amino acid sequence of ARK-1 
(clone HP57). 



FJaUfejB 



Nucleotide sequence and deduced amino acid sequence of ARK1 
(clone 3F). 



Raure 7 
Fiaurm 9 



Nucleotide sequence and deduced amino acid sequence of ARK-2. 

Nucleotide sequence snd deduced amino acid sequence of ARK-3. 

Partial nucleotide sequence and deduced amino acid sequence of 
ARK-4. 



FiqurA 1Q 



Partial nucleotide sequence and deduced amino acid sequence of 
ARK-5. 
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^partial nucleotide sequence and dsjteed amino acid sequence of 
PCR product 3.1. ^ 



Fiaura 14 



Partial nucleotide sequence and deduced amino acid sequ of 
PCR product 1/2-6. 



Figure 15 



Partial nucleotide sequence and deduced amino acid sequence of 
PCR product 1/2-7, 



Figure 16 

Fiaura 17 

Figure 1$ 

Fioura 20 
21 

Figure 22 



Schematic diagram of the ARK-1 gene and protein. 

Schematic diagram of the ARK-2 gene and protein. 

Schematic diagram of the ARK-3 gene and protein. 

Schematic diagram of ARK-4 and ARK-5 gene and protein. 
Sequence alignment between the ARKs. 

Sequence alignment of the cysteine rich domains of the ARKs, 
TGF&R||,-Act-R-ll, Act-R-IIB and daf-1 receptors. 

Northern blot analysis of various human tissues hybridised with 
EMBLA, lane 1 - heart, lane 2 - brain, lane 3 - placenta, lane 4 -lung, 
lane 5 - liver, lane 6 - skeletal muscle, lane 7 - kidney, lane 8 - 
pancreas. 
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EXAMPLE 1 

To examine the possibility that other receptors for the TGF-beta superfamily possessed 
sequence similarity, a study was initiated aimed at the cloning of any ActR-ll/dafcl related 
genes. A polymerase chain reaction (PCR) strategy was designed using degenerate 
primers based upon the amino acid sequence similarity between the kinase domains of the 
mActR-ll and gene product. Figure 1 shows the aligned serine/threonine kinase 

domains (l-VIII), using the nomenclature of the subdomains according to Hanks et al, 
(1988), Science 2*1 42-52 of four related receptors of the TGF-beta superfamily - 
hTGFBR-ll. ActR-IIB, mActR-ll and the daf-t gene product. 

Several considerations were applied in the design of the PCR primers. The sequences were 
taken from regions of homology between the activin receptor ll and the dfltl gene 
product, with particular emphasis on residues that confer serine/threonine specificity and 
on residues that are shared by transmembrane kinase proteins and not by cytoplasmic 
kinases. The primers were designed so that each primer of a PCR set had an 
approximately similar GC composition, and so that self complementarity and 
complementarity between the 3' ends of the primer sets were avoided. Degeneracy of the 
primers was kept as low as possible, in particular avoiding serine, leucine and arginine 
residues (6 possible codons) and human codon preference was applied. Degeneracy was 
particularly avoided at the 3' end as unlike the. 5' end, where mismatches are tolerated, 
mismatches at the 3' end dramatically reduce the efficiency of PCR. 

In order to facilitate directional subcloning, restriction enzyme sites were included at the 
5' end of the primers, with a GC clamp, which permits efficient restrictive enzyme 
digestion. The primers utilised are shown in Figure 2. The various oligonucleotides were 
synthesised on an oligonucleotide synthesizer according to the manufacturer's instructions. 
For the initial PCR reactions. mRNA was isolated from a human erythroleukaemie cell line 
(HEL 92.1.7) obtained from the America Type Culture Collection (ATCCTIB 180). These 
cells were chosen as they have been shown to respond to both activin and TGF-beta. 
Moreover leukaemic cells have proved to be rich sources for the cloning of novel receptor 
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tyrosine kinases (Partanen et al (1990) Proc. Natl. Acad. Sci. USA £7 8913-8917 and 
'992) Mol Cell Biol. 12, 1698-1707). RNA was prepared using the guanidinitr 
isothiocyanate method (Chirgwin, et aL (1 979) Biochemistry J_8 5294-5299). mRNA \k 
selected using the poly AT tract system (Promega Madison [Wl]) as described by the 
manufacturer's instructions. 

The PCR reactions were carried out as follows:- 2jjq of mRNA was reverse transcribed in 
the presence of 50mM Tris-HCI, pH 8.3, 8mM MgCI 3 30mM KCI, 1 0mM DTT, 2mM NTPs, 
excess oligo dT primers and 34 units of AMV reverse transcriptase at 42 °C for 2 hours. 
PCR was performed with a 7.5% aliquot of the reverse transcribed mRNA, in the presence 
of 50mM KCI, 10mM Tris-HCI pH 8.3, 1 .5mM MgCI 2 , 0.01 % gelatin. 0.2mM NTPs, 1//M 
of both sense and antisense primers, using 2 units of Taq polymerase. The PCR 
programme was 5 cycles for 1 minute at 94°C, followed by 1 minute at 50°C, followed 
by a 2 minute ramp to 72°C. then 1 minute at 72°C. This was followed by 20 cycles of 
1 minute at 94°C, followed by 30 seconds at 55°C, followed by 1 minute at 72°C. From 
the reaction mix a 0.3% aliquant of the materiel was taken and processed for a second 
round of PCR amplification. This involved 25 cycles of 1 minute at 94°C, followed by 30 
seconds at 55°C followed by 1 minute at 72°C. 

General nucleic procedures such as purification of nucleic acids, restriction enzyme 
digestion, gel electrophoresis, transfer of nucleic acid to solid supports and subcloning 
were performed essentially according to established procedures as described by Sambrook, 
Pritsch and Maniatis (1989) Molecular Cloning; a Laboratory Manual. Cold Spring Harbour 
Laboratory (Cold Spring Harbour, New York, USA). 

A sample of the PCR products was analyzed by standard agarose gel electrophoresis for 
size. Those with a similar size to the relevant sections of the activin receptor II end 
genes (see Table 1), were digested with the relevant restrictive enzymes (BamHI and 
EcoRI) and subcloned into the pUC plasmid, which had been previously linearised with 
BamHI and EcoRI, The recombinants were transformed into E. coli. and plated. Individual 
clones were sequenced using standard double stranded sequencing techniques using the 
dideoxynucleotide chain termination method as described by Sanger sLai; Proc. Net. Acad. 
Sci USA J±, 5463-5467, using T7 DNA polymerase. 
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The sequencing of the inserts revealed that severel of the clones thet were obtained were 
^rived from ActR-ll, ActR-ll-G and TGF-beta Rll, However, several of the PGR products 
were derived from previously unrecognised genes, which showed approximately 35% 
sequence similarity to Act Rll and TGF-beta Rll and a 40%-90% sequence similarity 
towards each other in the kinase domain. A number of the clones derived from the HEL 
cell line, by PCR ere shown in Table 1. Different regions of the kinase domains of the 
various PCR products were sequenced. For comparison to the percent identity of PCR 
products with mActR-ll and TGF-6R-II, the sequence identity of the mActR-ll and TGF-IJ-fl 
for the same region is shown in the sixth column. 

Sequence identity is defined as the number of residues that are identical between 2 
sequences. Sequence similarity comparisons were performed used the clustal V multiple 
sequence alignment programme (DNA) star. (Hlggens and Sharp (1989) CABIOSJi, 151- 
153. 
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TABLE 1 



NAME 


PRIMERS 


INSERT 
SIZE 

fin bo) 


SIZ£ OF DNA 
FRAGMENT 

w w mm ■ if lk| v | 

IN 

• nMwln/n lursn 
IN CLONES 
(In bp) 


SEQUENCE 

IDENTITY WITH 

SEQUENCE 

mAotnll/hTQFBRII 
(In %) 


SEQUENCE 

mCMTlTV 

BETWEEN 
mActRII AND 
TGFBR-H 
(in %) 


fl 


83-S/E8-AS 


460 


460 


46/40 


42 


a 1 1 *1 
I 1 .2 


B3-S/E8*AS 


460 


460 


49/44 


47 


11.3 


B3-S/E8-AS 


460 


460 


44/36 


*r O 


11.29 


B3-S/E8-AS 


460 


460 


NO/100 


ND 


9.2 


B1-S/E8-AS 


800 


795 : 


100/ND 


NO | 


5.1 


B7-S/E8-AS 


140 


143 


33/33 




5.2 


B7-S/E8-AS 


140 


143 


40/38 


60 | 


3.1 


B7-S/E8-AS 


90 


143 


58/67 


79 1 


1/2.7 


B7-S/E8-AS 


200 


143- 


36/35 


80 


1/2.7 


B7-S/E8-AS 


200 


143 


43/37 


60 | 



EXAMPLE 2 



Northern blots were performed in order to analyse the expression of the different genes 
to look for interesting expression patterns and also to identify an appropriate source from 
which to attempt to clone the full length cDNAs. 



RNA was prepared from the following cell lines: HEL 92.1.7 (Human Erythroleukaemra). 
PC-3 (human prostate carcinoma), A549 (human lung adenocarcinoma). T47D and MCF-7 
(human breast carcinomas) obtained from the American Type Culture Collection (Rockville 
MD). PC-3U4 (human prostate carcinoma) obtained from Sten Nilsson at the Department 
of Oncology, University Hospital. Uppsala. Sweden. HSC-2 (human squamous carcinoma) 
obtained and isolated as described by Momose et al (1989), J Oral Pathology. Med ±a 
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391-395. AG 1518 (Human foreskin fibriblasts) obtained from the Human Mutant Cell 
itory, Camden New Jersey. LNCAP (Human prostate carcinoma) obtained from the 
Human Tumour Cell Line Repository, Rye, New York, USA. 

1 0*/g of RNA or 2//g of mRNA samples were fractionated on agarose gels in the presence 
of formaldehyde and then transferred onto strengthened nitrocellulose or nylon 
membranes. The PCR products 11.1, 1 1 .2 and 11,3 were radiolabeled using the random 
priming method (Feinberg and Vogelstein (1983), Anal Biochemistry 1 32 6-13) using a 
multi-prime DNA labelling system and [a- 32 P]dCTP. The filters were hybridised with the 
probes at 42°C over night in 50% formaldehyde, 5 x SSC, 0.1% SDS, 50 mM sodium 
phosphate and O.lmg/ml salmon sperm DNA. The filters were washed with 0.5 x 
SSCO.l % SDS at 55 °C before being exposed to X-ray film. 

The results are shown in figures 3 and 4. Genes hybridizing with PCR products 11.1 and 

1 1 .2 appear to be ubiquitously expressed, whereas the gene hybridizing with PCR product 

1 1 .3 is expressed in fibroblasts (figure 4) whereas expression was not detected in A549, 
HEL, HSC-2, MCF-7, T47D and LNCAP cells (data not shown). 

• 

EXAMPLE 3 

In order to obtain full length clones for the various PCR products, the PCR probes were 
used to screen various cDNA libraries. The clones were isolated from the libraries using 
standard molecular biological techniques. The human placental lambda ZAPil DNA library 
was obtained from Hideo Toyoshima, University of Tokyo, Japan. (cDNA clones HP22, 
HP57, HP29, HP53 and HP83 were obtained from this library). The human fibroblast 
AG1 51 8 lambda ZAPII, cDNA and HEL cell lambda gt1 0 cDNA libraries were prepared with 
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Ribo clone cDNA synthesis system (Promega) and Gigs pack Gold (Stratagene) and lambda 
gt10 in vitro packaging kit (Amersham) respectively, according to the manufacti' 
procedures, cDNA clones ONF1, ONF2. ONF3, 0NF4 and ONF5 were obtained from 
human fibroblast library. The cDNA clone EMBLA was obtained from the HEL lambda 
lgt10 cDNA library. The human fibroblast AG! 518 lambda gt10 library was obtained from 
Lena Cleasson-Wetsh as described in Cleasson-Welsh aLftl- (1989), Proc Nat. Acad. Sci. 
USA 491 7-4921 . The cDNA clones ON and 3F were obtained from this library. The 
HEL cell lambda gt 1 1 cONA library was obtained from Mortimer Poncz and was described 
in Poncz tLfll (1987) Blood £2 219-223. The cDNA clone 1 1H8 was obtained from this 
library. 

The double stranded DNA clones were all sequenced using the dideoxynudeotide chain- 
termination method as described by Sanger et al (1977), Proc. Nat. Acad, of Sci. USA 2£ 
5463 - 5467, using T7 DNA polymerase. 

Analysis of the sequences obtained revealed the existence of five distinct putative receptor 
serine/threonine kinases which have been named ARK 1-5 (Activin-receptor Related 
Kinases). The relation of the cDNA clones to each other is shown betow. 

To summarise clones 3F, HP22, HP57. ONF1, ONF3, ONF4 and HP29 encode the same 
gene ARK-1 . HP53, HP64 and HP84 encode the same gene ARK-2. ONF5, ONF2 and 
ON 11 encode the same gene ARK3. 11H8 encodes a different gene ARK-4. EMBLA 
encodes ARK-5. 

Two of the clones which encode the ARK-1 gene, HP57 and 3F have been sequenced. 
These are shown in figures 5 and 6, respectively. These were both obtained by screening 



the human placental cDNA library with PCR product 1 1 .3 as a probe. Although, the clones 
jppear to be derived from the same gene, the clones vary in the 5' and 3* untranslated 
sequences as well as in the C terminal tail (C terminal of the kinase domain). The 
difference in the 5' untranslated sequence could be explained by alternative processing or 
the use of different promoters, the 3' end of the HP57 clones contains a poly A tract, as 
found in most cDNA's. However, a poly T tract is found in the 3' end of the 3F clone 
which is probably a cDNA cloning artifact. The predicted C-termini of 3F and HP57 are 
different due to the addition of one nucleotide (A) in the 3F.sequence, as compared to the 
HP57 sequence (nucleotide position 1755 in 3F). 

The complete sequence of the cDNA clone HP53 is shown in figure 7. This clone was 
obtained by screening the human placental cDNA library with PCR product 1 1 .2 as a 
probe. This sequence has been named activin related kinase-2 (ARK 2). 

The activin receptor related kinase - 3 (ARK-3) sequence is shown in figure 8. This is the 
sequence of clone ONF5 which was obtained by screening the human foreskin fibroblast 
cDNA library described, with the kinase domain of cDNA clone ON1 1 as a probe. cDNA 
clone ON1 1 was obtained from the human fibroblast cDNA library using an oligonucleotide 
derived from PCR product 5.2, as a probe. 

The partial amino acid sequence of the activin receptor related kinase-4 (ARK-4) is shown 
in figure 9. This is deduced from the nucleotide sequence of PCR product 11.1 obtained 
from human erythroleukaemia cell mRNA, using primers B3-S and E8-AS in the PCR, as 
described previously. A clone has been isolated from the HEL library using the PCR 
product 11.1 as a probe and will be further characterised. 
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The nucleotide sequence end deduced amino ecid sequence of the activin receptor ted 
kinese-5 (ARK-5) is shown in figure 10. This is the sequence of the cDNA done ^ -»LA 
which was obtained by screening the HEL cDNA library with PCR products 11.1 and 1 1 .2 
as a probe* 

The sequence similarity between the five ARK genes and TGFGRII, ActR-IIB and mAct-RII 
in the serine/threonine kinase domains is shown in figure 11. The five members of this 
family have a 40-49% sequence similarity in the serine/thronine kinase domain with 
approximately 35% sequence similarity to the same domain in the Activin and TGF-beta 
RU receptors. The increased homology between the ARK receptors as compared to the 
TGFISRII and the activin receptors places them in a distinct family. 

Further novel sequences have been obtained from other PCR products. Figures 12-15 
show the nucleotide sequences and deduced amino acid sequences of a series of PCR 
products arising from a reaction using human erythroleukaemia cells as the mRNA source 
in the cDNA preparation and primers B7-S and E8-AS as described supra. The primer 
sequences are included and these sequences* in particular those forming the restriction 
sites, may not correspond to the actual gene sequence from which the PCR product was 
derived. These partial cDNA sequences can be used to isolate the full length sequences 
from the CDNA libraries described above. 

Sequence analysis of the cDNAs for this family of genes revealed that they code for 
proteins with a ligand binding extracelluar domain with a characteristic cysteine rich 
region, a single hydrophobic membrane spanning domain and an intracellular kinase domain 
with a predicted serine/threonine specificity. The recent finding that the of ActR-ll 
receptor has serine/threonine/tyrosine kinase activity (Nakemuraslal(1992), J Biol. Chem. 
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^ Z§1, 18924-18928), suggest that these kinases may also have tyrosine kinase activity. 

Schematic diagrams of each of the five genes described, are shown in figures 1 6-1 9. A 
sequence alignment between the genes is shown in figure 20. Alignment between the 
cysteine rich domains of the ARK cDNAs is shown in figure 21 . The homology is low, 
approximately 10-20%, however, the positions of the cysteine residues are conserved, 
suggesting that the receptors probably bind different but related ligands. 

Further Northern analysis was performed to study the expression of ARK-5 in various 
human tissues. Figure 21 shows that ARK-5 appears to be ubiquitously expressed as a 
5.5kb message in various tissues. Expression is particularly high in the brain and skeletal 
muscle. 

The foregoing describes the isolation of nucleic acid sequences coding for a new family 
of human receptor kinases. The term nucleic acid molecules as used herein refers to any 
sequence which code for the human form, amino acid sequences of which are presented 
herein. It is understood that the well known phenomenon of codon degeneracy provides 
for a great deal of sequence variation and alFsuch varieties are included within the scope 
of this invention. The nucleic acid sequence described in the application may be used to 
clone the respective genomic DNA sequences in order to study the genes' structure and 
regulation. The human cDNA or genomic sequences can also be used to isolate the 
homologous genes from other mammalian species. The mammalian DNA sequences can 
be used to study the receptors' functions in various in vitro and in vivo model systems. 

It is also to be recognized that given the sequence information provided herein, the artisan 
could easily combine the molecules with a pertinent promoter in a vector, so as to produce 
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a cloning vehicle. The promoter and coding molecule must be operably linked yj>- of 
the well recognized and easily practised methodologies for so doing. The resulting v . jrs, 
as well as the isolated nucleic acid molecules themselves, may be used to transfect cells, 
such as the prokaryotic cells (eg. E. com, or eukaryotes such as yeast (S. cervisae l. COS 
or CHO cell lines. Other recipient cells will also be apparent to the skilled artisan. 

Several methods may be used to isolate the ligands for the ARKs. cDNA clones encoding 
the active open reading frames can be subcloned into expression vectors and transfected 
into eukaryotic cells, for example COS cells. The transfected cells which can express the 
receptor will be subjected to binding assays for radioactively labelled members of the TGF- 
beta superfamily (TGF-beta, activins. inhibins, bone morphogenic proteins and mullerian 
inhibiting substance), as it might be predicted that the receptors will bind members of the 
TGF-beta superfamily. Various biochemical or cell based assays can be designed to 
identify the ligands, in tissue extracts or conditioned media, for receptors for which a 
ligand is not found. Alternatively, purified receptor could be used to isolate the ligands 
using an affinity based approach. The determination of the expression patterns of the 
receptors may also aid in the isolation of the ligand. These studies may be carried out 
using the ARK DNA or RNA sequences to perform in situ hybridisation studies. Antibodies 
raised to the receptors mey also be used to perform this analysis. 

The use of various modef systems or structural studies should enable the development of 
specific agonists and antagonists useful in regulating receptor function. This molecules 
would either mimic the effect of the respective ligand (agonists) or block the effect of the 
ligand (antagonists). It may be envisaged that these can be amino acid containing 
molecules, antibodies or other molecules able to interact with the receptors. 
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foregoing constitutes examples of the invention applicants intend to claim which 
udes interalia, isolated nucleic acid moleculas coding for Activin receptor Related 
kinases (ARKs), as defined herein. These include such sequences isolated from mammalia 
species such as human, mouse, rat, rabbit and monkey. 

It will be understood that the specification and examples are Illustrative but not limitative 
of the present invention and that other embodiments within the spirit and scope of the 
invention will suggest themselves to those skilled in the art. 
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SIT kinase domains (I to VIXI) from transmembrane proteins 



cons.aa 0 0 0 V a K K 

hTOFBR- I 1 LDTl/VGKORFAEVYKAKtiKQNTSEQrETVAVKI FP YDKYASWXDRKD I PSD I NLiKHENXLQF 

mAcCR- IIB IiLEIKARGRFGCVWKAQLMN DFVAVKIKPLQDKQSWQSERBIFSTPGMKHENIiLQF 

mActR- 1 1 LI^BVKARGRTGCVWKAQLLiN E YVAVKI FP I QDKQSWQNEYEVYS I PGMKHENILrQF 

Oaf- 1 liTORVGSGRFGNVSRODYRO EAVAVKVFNAIPBPAFHKE I SI FETRMLRHPNVLR Y 

sufcxtomains I II xil IV 



hTOFBR -II IiTASERJCTEI/jXQYVnJITAFHAKONIjQEYI/rRKVI SWBDLRWVGSSIARGLSHUISOHTP - C 
mACCR- IIB IAAE^GSHLWKLWLITAFHDKOSLIDYIJCGMIITWNEIjCH^^ 

mACtR- II I GAEKRGTSVDVDLWLiI TAFHEKGS 1^ DFLKANWSVfNEbCH I AETOARGLA YLKED I PGLK 

daf - 1 IGSORVDTGFWELOT-VIEYHPSOSIjHDFIiLENTWIBTr 

subdomatns v vi-a 



cons.aa DLK N DPO 

hTGFBR- II - GRPra^IVHRDIiKSSNILVKNDI/TCCljCDFOliSlj^ G FYS SVDDLANSGQVGTAR YMAP 

[7\ActR- 1 IB GEGHKFSIAKRDFKSKNVIjIjKSDLTAVIADFGIJWRF EPGKPPGD- • TOGQVOTRRYMAF 

mActR- II - DGHKPAI SHRDI KSKNVIiljl^NI/rACI ADFGLALKF EAOXSACD- - TKOOVGTRRYMAP 

daf - 1 - ESNKPAMAHimiKSiaaMYKNDIiTCAIODbOLSLSKFEDAASDI IAN - - ENYKCGTVRYliAF 



subdomalns 



VI -B 



VII 



VIII 



(nomenclature of the subdomalns according to Hanks eUL 1988) 
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PGR Prim^^^ Tl^.*2_ 

^ S £m i PnrP an* ™ rr ftr1 nr 1 



ai-s 



52 -s 



B3-S 



B7-S 



E8-AS 



a ena, 28 mer, 64 fold degeneracy 
*;* C c s On m c 

5' CCflGAICCTOTTOTOAAOOWAATATOTQ 3 . 
BAMHI CCO C 

sense primer, kinase domain I 

BamHl site at S ' end, 25 mer, 384 fold degeneracy 

a « a OR p o c v 

5 • OCQflATflCQQNCQCTTTQGWTQTQT 3 ♦ 
SamHI A A C C 

O 



sense primer, kinase domain II 

aamHi sice ac 5- end , 2s mer. 162 fo!d degeneracy 

V * V K I F 

3» 



S' ecaOA2CCOTC<ICAOTCAAAATTTT 



BamHI O C 6 O C 

V t X A 



sense primer, kinase domain vtb a/n v<„«. 



*'* R D I K S K N 

5» GCflBAICCOCGA*ATTAAAAOCAA 3' 
BAMHI A C C OTCV 



anti sense primer, kinase domain q/«p v< 



E P A MY 
S •■ CQq^ATTPTQaTQCCATATX 
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Norther* blot analysis • ' 

Total RrU (10 microgram) from A549 (lanes 1 and 2), HEL wlthokit (lane 3) 
and H6L with TPA treatment. 1 .6 mteroM for 24 hr*s (lane 4), HSC-2, 
MCF-7 (lanes 6 and 7). T47D (lanes 8 and 9), LNCAP without (lajiejo) and 
with treatment of synthetic androgen R1881 (300 mlcrogram/ml)for 48 
hr*s., lanjel 1). RNA from cells In lanes 2, 6. and 9 were cultured without 
serum addition to the media. RNA from cells In lanes 1 , 3, 4, 5, 7, 8i 10 
and 11 were cultured In the presence of serum. Upon fractionation the 
RNA wafc transferred to Hybond N and hybridized with radiolabeled PCR 
product \ 1 .1 or 1 1 .2 at 42 C In the presence of 50 % formamlde and 5 x 
SSC (both probes resulted In identical pattern). Filter was washed with 
0.5xS3p,0.1%SD8at55C. j : 
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Northern blot analysis 

RNA frojn HEL treated with TPA (lane 1 ; 2 microgram mRNA), H SL 
2 microgram mRNA), AQ1518 (lane 3 ; 2 microgram mRNA) and P< 
4 ; 10 microgram total RNA) was transferred to Hybond C-extra i nd 
hybridized with radiolabeled PGR product 11 .3 at 42 C in the pr< se x» of 
50 % forVnamide and 5 x SSC. Filter was washed with 0.5 x SSC " ~ 
at 55 a; 



(1ane2 ; 

PC3U (lane 



0,1 %SDS 
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» 

CA^TftCQC60CCCCG<UTCCAA^ 



CACQCyCQAATAACAAACATTTnTCTCCACCCCCCATCCCAQTCCCCCCAQQCTQCCCCC« 



CCOACCQAOCCCCTCCCCQCCTCCACCCCO OTCCCCCQCCQCOCCCCACCCCACCCCCCCC TCCACCOCT 

^ — ■ — ■ — 1 — * * * . *. 



CCCQflTQCAACTQCQCCCCCCCCCTCOAOCCCAOOTCCCCCCCCTCCO CCQAACflTACCCdcCCCCCACC 

11 ' ' ' i . . ■ i i A 



CCeACACCCCCCCCAOACCQAeCATOACCTTftOOCTCCCCCACCAAAOQCCTTCTGATOCTICCTCATCCC 



CHCCTCACCCACCCA6ACCCTQTQAAQCCCTCTCQQCCCeceCTCQTttACCTCCACCT0T]eACACCCCA 



U?TO QOPVKPSRGPUVTCTC 

CATTCCAACGCGCCTACCTQCCflOOCCQCCTCCTCCACAaTACTCCTeCTCCCCeACCACC 



HjC.IC OPTCROAVC TVVLVRCE 
CCCAOdAACATCOflQOCTOCCQCAACTTCCACACQCAQCTCTOCAOCWCCOCCCCACCCA 



1 R H 
STTCOTCAA 

SBO 



PjOCHROCONLHRELCRORP TfFVM 
CCAiCTAjCTCCTCCCACACCCACeTCTeeAACCAeAACOTQTCCCTCOTg^TCCAQaCCACCCAACCTCCT 



HVCCOSHUCNHNYSLVLCAT 

TCCftAOCACCCOOCAACABA TCeCCACCTCCCCCTCATCCTCCCCCCCQTOCTaCCCTTGC 
' ' * ' 11 ' ' " 1 * " 1 1 ' 1 ' 



op p 

tCQCCCTQQ 



S I C 0 P 6 



D 0 0 (. A L I C C P V L 



TCCCCCjTCCCTCTCCTCOCCCTCTGCCATCTCC CACCCACCCACCAOAAQCACCOTQOCCTaCACAQgQA 

" I ' ' ' ' 11 ' 1 1 1 ' ' i * 



H 3 E 



VA LQVUGLWHVRRROEKOSCL 
QCTttQCAOACTCCACTCTCATCCTflA AAGCATCTOAOCACGOCCACACOATQTTCCCOOACCTCCTCQAC 

840 
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ILKASEOCOTHLOD 



AeT^ACyCCACCACACCQAOTCCCTCACCCCTCeCCTTCCTOQTQCACAttttACACTCCCAC4GCACCTTO 



* 0 C 



8080LPFLVORTVAJIOV 



CCTTCgTCGAOTCTCTOGCAAAACCCCCCTATCCCQAAGTOTCCeCGCCCTTOTCOCACQQI CAOACTOT 



A^VlCVOKCRyOCVWROLWHCES V 
OCCCCT^AAaATCTTCTCCTCCAQCCATCAACA«TCCTOQTTCeCOOACACTCACATCTAT/AeACACTA 



A 

TTC 



V'K irtSRDC OSVPRCTC I YHTV 
^TCACACACQACAACATCCTAQQCTTCATCOCCTCACACATCACCTCCCCCAACTCCACeACCeACC ^ 



t ;L R H 0 N f L OP I A&DMT8RNSJ T O 
TCTOOCTCATCACCCACTA CCACCACCACCCCTCCCTCTACOACTTTCTOCAOACACAOACC CTOCAGCC 

. ' 1 i ■ i , ■ i n 



UWt iTHYHCHCSLYOFLOROTLiP 

CCAtCT^OC TCTCACCCTAOCTaTCtCCGCGflCATCCCOCCTOOCOCACCTCCACGTOGACITCTTCOOT 

' ■ ''«■ ■ i ' ' ■ i i i ,i ■ i i ii i 



HjLiALRLAVSAACQLAHLHVE 



ACACAG«CCAAACCACCCATTCCCCACCCCCACTTCAACAOCCflCAAT«TiJCtOCTCAAOACCAACCTCC 

^ — ^ ^ ^^^^^^^ 



TjO OItPA I A HRO P K 8 R N V t' V K 1 ML 
ACTCTTaCATCCCCOACCTCCeCCTCCCTQTQATCCACTeACACCCCAgCCATTACCTOCACATCOOCAA 



0 C C tADlQLAVItHtOQJOYLD ION 

CAA^CCO^GACTCCCCACCAAGCCGTACATCCCACCCGACCTGCTOGACeAOCACATCCGCACCCACTOC 

" ' ' ~~ ~ *■' ' 1 1 1 ■ - - ■ 1 . . 



N|P : R VQTKRYMAPIVLDC O'l R 

TTTQlAOfCC TACAAGTC CACTCACATCTC GCCCTTTCGCCTCOTCCTCTCCCACATTCCCCC 

^^**^^^ ^^^^^^ , t , ^ ^. 
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TCQTCAATCCCATCCTQCAMACTATACACCACCCTTCTATOATQTCCTCCCCAATCACCCCAC< tttca 



I V u 



F C 



OlveOYRP^FVOVVPNOPS. ^ 
CCACATdAA6AAGCTCC7CTCTQTCQATCACCAQACCCCCACCATCCeTMCCQQCTGCCTCCAC ACCCC 



d«!k!kvycydqgtptipnriaa 
qtcctc1ca4ccctaqctcacatcatccccqaqtgctqqtacccaaacc cc tct ccccg ac tc ac 



0 P 

ccecc 



VL!3 0LAQM«R ecWYPNP3 
TCCQflAtCAAftAAQACACTACAAAAAATTACCAACAOTCCAQAftAACCCT 



A R L 1 



AAAOTOATTCAAT AC CCCAG 



tRBKKTUOICIS HSPeKPKVIO 
CACCACqTCATTCCTTTCTQCCTCCAQOQCCCTCfiCCCCCTCOCQCWAQTCCATCCTQCCCTAT^TaCtt 



TAGACCTjAOTjqTGAQTQTGGTGTCTCCTCCCGATGCGCAC^^ 
CCAQCCA^AAiATACAQCTQGGCTQAAACCTQAAAAAAAAAAAAAA 
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wn ass ? tjahk-1). The complete sequence of cDNA eIoneHP*7 
obtained bv screening a human placenta cDNA Itow wft fS 
probe. cDNA clones HPS7 and 3F appear to be de?vL from 
clones differ In the 5- and V untransS^equVnS aa wefS S 
(C-term{nal of the Kinase domain). M ,n 
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1780 
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1890 
I860 



receptor related 
shown, which was 
product 11.3 as a 
sjame gene ; both 
C terminal tail 
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JA^TTCOCCACGACCCTACCCCCAJUCTCTCCCCTCATTCCTGCAACCCTCCTACACCC 


AGGACCCCCGG 


^CTCACCGTCGCCCCCCATCCCAaTCCCOOQAQCCTCCCOCCCCACCTOCOCCeAfiCCA 


aecccTecccQ 


pCTtCAGCCCGGTCCCGGGCCGCGCCGGACCCCAGCCCOCCQTCCAGCOtTGGCGGTGC 


AACTGCGGCCG 


iGCOOTGGACGGGACGTCGCCCCCGTCCCCCGAACOTACCGCCCCGCCACCCGCAOAGC 


BQGCCCAGAGG 


GACCATGACCTTCGGCTCCCCCAGGAAACGCCTTCTCATGCTGCTGATCCCCTTCeTftA 


:CCAGQGAGAC 


! 'IITLGSF RKGLl.MLl.HALV 
CCTOTOAACCCaTCTCCaQQCCCCCTCOTCACCTCCACOTCTCAflACCCCACATTOCAA 


r a o d 

SGGGCCTACCT 


|p--VKP8RGPtVTCTCe«PHCK 
tiCC4GCGCCCCTCQTQCACAQTAGTGCT0QTGCCGCAG&ACGGGAGGCACCCCCAGGAA 


OPT 
lATCGCCGCTG 


«i«OAWCTVVtVReCQR.HPOE 
CGGdAACTTaCACAOOGACCTCTGCACOGOOCOCCCCACCGAGTTCGTCAACCACTACTl 


H R G C 

SCT6C0ACACC 


■tt NLHRBLCRORPTSFVUHYi 
CACdTCTGCAACCACAACGTCTCCCTGCTCCTOOAGGCCACCCAACCTCCTTCGGAGCAJ 


cot 

iCCGGGAACAG 


H LCWHMV3LVLCATQPP5CO 
A|rGQtCAttCTGGCCCT0ATCCTGGGCCCCCTCCT0GCCTTGCT66CCCTGOTGGCCCTO< 


P Q T 

GTGTCC7GGG 


! iii 
O! CO L A L 1 LGPVLALLALVAL 
CfiTGTCGCATGTCCfiACGGAGGCAGGAQAAGCACCGTGQCCTOCACAGCGAOCtGGGAGJ 


G V L C 
GTCCACTCTC 


j l.VHVRRRQeKQRCLHSCLCl 
ATCCTGAAAOCATCTflACCACGGCGACACCATOTTQGGGCACCTCCTGGACACTCACTC< 


SSL 
ACCACAGGCA 


t ttCASCQGOTnLGOLLOSDC 
CtOGCTCAGCGCTCCCCTTCCTCCTGCACAGCACAGTCGCACCCCACOTTCCCTTOGroC 


T T a 
AGWOTCGG 


SiG:SGLPFLVQRTVAROVALV 
AAAAGGCCGCTATGCCGAAGTGTGGCGGGGCTTGTGGCACGGTGAGAGTQTGGCCG7CAA 


C C V G 
GATCTTCTCC 


IK GRYGCVWRGLVHOCSVAVK 
TCGA6GGATGAACAGTCCTGGTTCCGGGAGAMGAGATCTATAACACAGTAT7GC7CACA 


1 f 9 
CACOACAACA 


4ftOEOSWPR£T£ IYNTVLLR 
T<CTAGGCTTCATCOCCTCAGACATGACCTCCCGCAACTC0AGCACGCA0CTGTCCCTCA 


HON 
fCACCCACTA" 


liL GriASOnTSRNSSTOLVL 
CCAC^AGCACGGCTCCCTCTACCACTTTCTCCAGAGACACACGCTGOAGCCCCATCTGGC 


t T H Y 
rCTGAGGCTA 


iH.BHCSWyOrCQRQTLEPHLA 
CCTOTQTCCGCAOCATGC&GCCTGQCaCACCTGCACGTQGAGATCTTCQQTACACAGOGC 


L R L 
UACCAGCCA 


AV4AACGLAHLHVC IPGTOG 
TtCCCCACCGCCACTTCAAGAGCCGCAATGTGCTCGTCAAGACCAACCTCCAGTGTTGCA 


•CPA 

rCGCCGACCT 


1 j A H R0FK3RNVLVK1NLQCC 
G^GCaTOaCTGTCATCCACTCACAGGGCAGCGATTACCTCGACATCOOCAACAACCCCAG, 


1 A 0 L 
tOTGOOCACC 


|G\aVHHS0G9DVLD I QNNPR 
AApCGMITACATQOCACCCGAGGTGCTGOACGAGCAGATCCGCACGGACTGCTTTOAGTGC 


v a t 

ACAA6TQ0A 


KilYnApevuocQiRfDerci 

CTlBAC>TCTCG«CCTTTGCCCTG6T0CTCT«GGA0ATTttCCeGCCGGACCATCqT0AAT0i 


V K V 

ICATCGTQGA 


T ] 0 ' 1 WAf«LVLVC f ARR T t V Ni 

i .' 
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tivc 



70 

140 

2)0 

280 

360 



420 



4&0 
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O^ACTATACACCACCCTTCTATCATQTCCTCCCCAATOACCCCAQCTTTCACGACATC AiCAAQQTQQTQ 



K V V 



DYRPPFYOVVPNOPJFEDH 

T4TaTdQATCACCAQACCCCCACCATCCCTAACC6eCTCeCT6CA0ACCCCaTCCTCTCie«CCTAQCTC 

' ' • ' 1 ■ ... 



tVOOOTPT IPNRLAAOPVLSQkA 

AdATtATCCCCeACTacTCCTACCCAAACCCeTeTececCACTCACCOCCCTCCCOATCA^CAAOACACT 



QjMHRCCVYPNP SARLTALR I 
ACAAAAAAATTACCAACAQTCCAGAGAAGCCTAAAfiTCATTCAATAQCCCAftQASCACCtCATTCCYTTC 



K K T L 

C 

*■ 1820 



0 K N 



TaCCtaCAQCC<5(iCTC(SCaQO(ITQ(iGGGCCAOTGCATG6TGCCCTATCTCCfiTAfiACCTi 8TCTGAGTGT 

j * ■ - 7 ■ -j- .... 



GGTCTCTCCTGG6GAT0CCCACCT6CCCC7GCCTCCTCCCCCCCCAOCCCACCCAGCCA4AAA7ACACCT 

. . Ill . I. - , I I I . I A.- ■ .1 - .1 I I . I Il l-Ull.llll I I I ■ ■ I, . 



GdCCTCAAACCTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

1 ■ ■ : ■ — * - ... . , 
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Nucleotide sequence and deduced amino acid sequence of actlviji 
kinase: • 1 (ARK-i). The complete sequence of cONA clone3F is 
obtained by screening a human foreskin fibroblast cDNA library 
1 1 .3 as a probe. cDNA clones 3F and HP57 appear to be darlvcK 
; both clones differ in the 5* and 3' untranslated sequence as well 
tail (C4er}nlnal of the kinase domain). 
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receptor related 
ihown, which was 
PCR product 
from the same gene 
is in the C terminal 



with 
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CTCCGACTACCCCACTCACCAQACTC ACACAACCTCTCAACCAGCCCACCCGCCTTCAAeeAPTeTcegr 
' ' ' ' 1 1 ■ 70 

ACATCTCACCAACAGCCTGCATTAASTTGTACAATC GTACATOCAOTCATCATTCTTCCTCTCCTTAYCA 

' 11 111 1 1 ■ 1«W 

nvoovniLPvc i 

TCATTGCTCTCCCCTCCCCTAGTAT 6CAACATQACAACCCCAACGTCAACCCCAAACTCTACATCTCTST 

1 ' ' ' ' ' »- ■ ■ 210 

HIALPSPSMEDEKPKVNP KLY MCV 

GTCTGAACGTCTCTCCTCCCQTAATGACQACCACTC TGAAOCCCAGCAGTOCTTTTCCTCACTCACCATC 
— * ' 1 ' 1 280 

CEGL3CCNE0HCEQQQCFSSL8 I 

AACGATCCCTTCCACCTCTACCACAAACCCT QCTTCCACGTTTATGAGCAQQQAAAGATCACCTCTAAGA 

' ' ' ■ ■ ■ i i - i . 3so 

N0GFHVYOK6CFOYYE0GKHTCK 

CCCCGCCgTCCCCTCGCC AACCTQTGGACTgCTQCCAACQQQACTGGTGTAACACGAACATCACCCCCeA 

— ■ 1 ■ i ■ . , , 20 

TPPSPCQAVECCOGOWCNRNI TAG 

CCTCCCCACTAAA6GAAAATCCTTCCCTCGAAC ACAQAATTTCCACTTCCAGCTTCGCCTCATTATTCTC 

1 ' ' 1 490 

LPTKGK3FPGTQNFHLEVGLI II. 
TCTCTAGTCTTYCCAQTATCTCTTTTA GCCTGCCTGCTOCCAGTTCCTCTCCCAAAATTTAAAACQCgCA 

' , ' ' ' 1 ' III I I | , | . §QQ 

S Y V F A V C L L A C L L Q V A L R K F K R R 

ACCAACAACCCCTCAATCCCCGAQACGTGQ ACrATGGCACTATCCAAGGOCTCATCACCACCAATCTTCC 

■ ■ " ' ' ' u 630 

NOERLNPROYEYCTIECLITTNVQ 

AGACAGCACTTTAGCAGATTTATTGGATCATTCGTGTACATCAGGAACTGGCTCTGGTCTTCCTTTTCTB 

' ' ' ' ' 1 ' *■ 700 

DSTLADLLDHSCTSGSGSGLPFL 
GTACAAAGAACACT CCCTCGCCACATTACACTCTTGGAGTGTCTCGGGAAAGSCAGGTATCGTGACCTCT 

■ ■ ' ■ ' — «■ 770 

VQRTVARQ JTLLECYGKGRYGEV 
GCAGCGGCAG CTGCCAACGCCAAAATOTTCCCCTCAACATCTTCTCCTCCCOTGATGAGAAGTCATCCTT 

■ ' 840 

WRGSWOCENYAYK IF3SRDEKSVF 
CAGCGAAACGGAAT TCTACAACACTGTGATCCTGACGCATGAAAATATCTTACCTTTCATTGCTTCACAC 

- ■ ~ 910 

RCTELYNTVnLRHEN ILOF IASO 
ATCACATCAACACACTCCAOTACCC AGCTCTCCTTAATTACACATTATCATGAAATGGCATCQTTCTACe 

' ' ~ ' 1 ' 1 1 980 

"TSRH3ST OLWC I THYHEHGSC Y 

ACTATCTTCAOCTTACTAC TCTGCATACAGTTACCTCCCTTCGAATAQTCCTCTCCATACCTACTOOTCT 

1 ' — — ' 1 ' 1050 

DYL0LTTL0TVSCLRIVL8 I A 3 6 L 

TCCACATTTCCACATAGACATA TTTGGGACCCAAGGCAAACCACCCATTCCCCATCCAGATTTAAACAQC 

' ' ' 1120 

AHLHIE I FCTOCKPA t A H ft 0 L K 3 

AAAAATA TTCTCCTTAACAACAATQGACACTSTTCCATAGCAGATTTCCQCCTCCCACTCATCCATTCCC 
■ ' 1 1 — 1 >- t180 

KNILVKKNGQCC IA0LQLAYHH8 
ACACCACCAATCAGCTTGATGTGCGGAACAATCCCCGTGTOGCCACCAAGCGCTACATGGCCCCCCAACT 
1 ' ' ' — L - ' ' ' >■ 1260 

OST NOLDVGNNPRVGTKRYMAPCV 

TCTAGATGAAACCATCCACGTGC ATTGTTTCCATTCTTATAAAACGGTCCATATTTGCGCCTTTGCACTT 

" — ■ ' ■ ' 1 1330 

LOET IOYDCFDSYKRVDIWAFCL 

CTTTTCTGGCAACTOOCCA CCCCCATCCTCAOCAATQQTATAGTGGAOCATTACAACCCACCCTTCTACe 

' 1 . ■ ' ' »- ■ ■ ■ , , , 400 

VUWEVARRMV3MCI VEOYXPPFY 

ATCTCCTTCCCAATCAC CCAACTTTTCAACATATCACCAACCTAOTCTGTQTCOATCAACAAAGGCCAAA 

• ■ ■- ' ' ' 1470 

OVVPNOP SFEOHRKYYCVOOORPN 
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CATACCCAACACATCCTTCTCACACCCCACATTAACCTCTCTGGCCAAGCTAATCAAAGAATCCTGCTAT 

— i ■ ■ i — i ■ ■ " 1 1 1 ' 1 1 1 1640 

IPNRVFSOPTLTSLAK LHKECWY 

CAAAATCCATCCCCAACACTCACACCACTGCGTATCAAAAACACTTTCACCAAAATTGATAATTCCCTCQ 

■ 1 i ! . i ■ i i i ■ ■ ■ ■ ■ i i i ■ »-- i 16 10 

QNPSARLtALRl KKTLTK tONSL 
ACAAATTGAAAACTCACTCTTCACATTTTCATAGTCTCAAGAAGGAAGA TTTQACGTTQTTGTCATTCTC 

0 K L K T 0 C . 

CACCTGGGACCTAATGCTCGCCTGACTGGTTCTCAGAATGCAATCCATCTQTCTCCCTCCCCA AATQG CT 

■■■■ ■ ■ ■ ■ i ' ' ■ ' ' 1 1 1 1760 

GCTTTCACAAGGCAGACGTCGTACCCACCCATG7GTTCGGGAGACATCAAAACCACCCTAACCTCGCTCG 

i ■ » ■ 1 — 111 1620 

ATGACTGTGAACTGGGCATTTCACGAACTGTTCACACTGCAGAGACtAATGTTGGACAGACACTGTTGCA 

i ' I ■ I i i i m 1 1 1 ill ■ l 1890 

AAGQTAGCGACTCGAGGAACACACAGAAATCCTAAAACCATCTCGGCATTAAGTCACT GGCTTTGCATAG 

■ ■ . i -i 1 i ■ » ■ ■■■■■< ! « .i i i9eo 

CTTTCACACTCTCCTACACACTCCCCACGGGAAACTCAACGAGGTGGTGAATTTTTAATCAGCAATATTG 

* 2030 

CCTCTGCTTCTCTTCTTTATTGCACTAGCAATTCTTTGCATTCCTTACTTGCACTGTTACCTTAATTTTA 

— . * ' 11 1 « " 1 ■ 2100 

AAGACCCAACTTGCCAAAATGTTGGCTGCGTACTCCACTGGTCTGTCTTTGCATAATAGGAATTCAAT7T 

* i i i i ■ i 1 i i i i ■ ■* ■ 2170 

GCCAAAACAAAATGTAATCTCACACTTTGCTGCATTTTACACATGTGCTGATGTTTACAATGATGCCGAA 

i ■ i i ■! » ■ ^ — 1 2240 

CATTAGGAATTOTTTATACACAACTTTGCAAATTATTTATTACTTGTCCACTTAGTAGTTTTTACAAAAC 

i ii i i i ■ i i ... i ■ i .i . — -i ' 1 2310 

T6CTTTGTGCATATGTTAAACCTTATTTTTATCTG0TCTTATGATTTTATTACACAAATGTTTTTAACAC 

■ . i i i i ■ ■ i ' ■ 1 ■ ■ . i ■ ' 2380 

TATACTCTAAAATGGACATTTTCTTTTATTATCAGTTAAAATCACATTTTAACTCCTTCACATTTGTATG 

■ ■■■ ■ ■ ■ i 1 ■ ' ■ ■ ■ * ' i.i «- 2450 

TGTGTAGACTCTAACTTTTTTTCAGTTCATATGCAGAACCTATTTAGCCATTACCCACCTGACACCACCG 

i ■ i ■ ■ ' 1 ■ ■ ■ — 1,1,1 2520 

AATATATTATCGATTTAGAAGCAAACATTTCAGTACAATTTTACTCCTCAACGCTACGGCGAAAAATGCA 

i i ■ i ■ ' — — — ■ *• 2590 

TTTTCTTCAGAATTATCCATTACCTGCATTTAAACTCTGCCAGAAAAAAATAACTATTTTGTTTTAATCT 

— ■■ ■ ■ ■ ■ ■ 1 ■ 2660 

ACTTTTTGTATTTAGTACTTATTTGTATAAATTAAATAAACTGTTTTCAAAAAAAAA ^ --b 
' ■ ■ ■ i.i ■ ■ -» 2717 



Nucleotide sequence and deduced amino acid sequence of actlvin receptor related 
kinase - 2 (ARK- 2). The complete sequence of cDNA clone HP S3 Is shown, which 
was obtained by screening a human placenta cONA library with PCR product 1 1 .2 as 
a probe. 
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CAGCGTCCCCACCAA 

1S40 

T R V C T K 



133*1S lSJ3?3y 3iniIlSKII S>IMam t>0:ZT ?6. AON 9T 



ACCCTACATCGCTCCCQAAGTCCTCGACGAAACCCTGAACAAAA ACCACTTCCACCCCTACATCATCSCT 

■ — ■ ■ 1610 

RYflAPEVLDESLNKNHfQPYI HA 

CACATCTACAC CTTCCCCCTAATCATTTCGCACATQOCTCGTCGTTGTATCACAGGACCGATCQTgCAAG 

' ' ' ' ' 1 ' ' ' ' " 1 1 I860 

DIYSFGL1 IW EHARRCITQGIVE 

AATACCAATTC CCATATTACAACATCCTACCCACTGATCCCTCATACOAAOATATCCCTCAGCTTCTCTG 

. ■ ■ 1 ■ 1— . 1 17S0 

EYQIPYTNnVPSDPSYEDflREVVC 

TCTCAAACC TTTGCCGCCAATTCTCTCTAATCGGTGCAACACTGATQAATCTCTACCAOCACTTTTCAAG 

' ' ' '■ 1 " 1 1620 

Y K R L R P I V SNRWN80ECLRA VLK 

CTAATCTCAGAATGCTGCGCCCACAATCCAGCCTCCAGACTCACACCATTGAGAATTAAGAACACGCTTC 
' ' 1 ' ' ■ ■ ■ ■ i, 1890 

LMSECWAHNPA8RLTALRIKKYL 

CCAAGATGCTTGAATCCCAAGATGTAAAAATCTGATGCTTAAACCATCGGAGGAGAAACTCTAGACTGCA 
— — ■ ■ • i * ■ u_ ^ , , , 1960 

AJCHVESODVK! 

ACAA CTGTTTTTACCCATGGCATGGGTCGAATTAGA6TCGAATAACCATBTTAACTTCCTTCTCAGACTC 
■ ■ ' 1 ' 2030 

TTTCTTCACTACGTGTTCACACGCTGCTAATATTAAACCTTTCAGTACTCTTATTACCATACAAGCTCCC 
' ' 1 ' ' - L 2100 

AACTTCTAAACA CTTCATTCTTTATATATCCACAQCTTTATTTTAAATCTGBTTTTTCATGCCTTTTTTT 

' 1 i ii 2J7Q 

AAGTGQGTTfTTATGAACTGCA TCAACACTTCAATCCTGATTACTCTCTCCACTCAAGCTCTQQQTACTC 

— ' ■ 1 • ■ ' — • 22<»0 

AATTCCCTGTTCATA AAACCCTCCTTTCTGTGAAACCCTTAACAAGATAAATGAQCCCAGCAGAGATGGA 

— 1 —j— 1 2310 

GAAATAGACTTTGCCTTTTACCTGAGACATTCAGTTCGTTTGTATTCTACCTTTGTAAAACACCCTATAG 
' ' ' 1 * 1 2380 

ATGATCATGTGTTTGGGATACTCCTTATTTTATGATAGTTTGTCCTCTCTCCTTAGTQATCTGTGTGTGT 

" " " *" ' ' 1 ' 1 1 2*50 

CTCCATGCACA TCCACGCCGGGATTCCTCTGCTCCCATTTCAATTAGAACAAAATAATTTATATGCATGC 
■ ■ ' : ' ' ■- 2520 

ACACCAACATATTCGTGGCCGCTGGTTTT7GTCCTTTAAAAATGCAATATCTCACCAAGATTCGCCAATC 

' ' 11 ' ■ i i i i ■ iii i ■ i i i ■ i i i 2S90 

TCATACAACCCA TTTACTTTGCAAGTQACATACCTTCCCCACCAGCTTTATTTTTTAACATGAAAGCTGA 

' ' ■ ' — 1 ' ' ' ' -*; 2860 

TGCCAACGCCAAAAGAACTTTAAA6CATCTGTAAATTTGGACTGTTTTCCTTCAACCACCATTTTTTTTG 
' ' ' ■ » ' ' ■ ■ ■ ■ * 2730 

TCOTTATTATTTTTCTCACGCAAA GCATCCTCTCCAJkACTTGOAGCTTCTATTGCCATCAACCATGCTTA 

— - ' 2800 

CAAAGAAACCACTTCTTATTGAAGTGAATTCCTCCATTTGATAGCAATGTAACTCCCTATAACCATQTTC 
— — ■ ■ . 1 l — ' <■ 2870 

TATATTCTTTATTCTCACTAACTTTT AAAAGGCAACTTATTTATATTTTOTGTATAATCTOCTTTATTTC 

' • ■ 2940 

CAAATCACCCCGACAGCAACGAATTC 
— *- ► 2966 



Nucleotide sequence and deduced amino acid sequence of activin receptor related 
kinase -3 (ARK-3). The sequence of cDNA clone 0NF5 Is shown, which was obtained 
by screening a human foreskin fibroblast cDNA library with the kinase domain of 
cDNA clone 0N1 1 as a probe. (cDNA clone 0N1 1 was obtained from human 
fibroblast cDNA library using oligonucleotide derived from PCR product 5.1 as a 
probe) 



rTGCTGCT6ACAATAAAGATAATG6CACCTG6ACACAQCTGT66CTTGTTTCTGACTATCATGAGCACG 

IAA ONKDNGT VTQLVLVSOYHEH 
GGTCCCTGTTTGNTTATCTGAACCGGTACACAGTGACAATTGAGGGGATGATTAAGCTGGCCTTGTCTGC 

GSLF7YLNRYTVT I EGMIKLALSA 
TGCTAGTGGGCTGGCACACCTGCACATGGAGATCGTGGGCACCCAAG6GAAGCCTGGAATTGCTCATCGA 

■ >■ ... . i ■ ' ' ■ ' ' ' ■ 2 10 

ASGLAHLHME IVGTQG'KP G I A H R 

GACTTAAAGTCAAAGAACATTCTGGTGAAGAAAAATGGCATGTGTGCCATAGCAGACCTGGGCCTGGCTG 

- ■ ■ 1 --- - ■ ■ i . i ......... t ... i . . ■_..■< . , 280 

D L KSKN ILVKKNGMCAIADLGLA 
TCCGTCATGATGCAGTCACTCACACAATTGACATTGCCCCGA 
■ i i ■ 1- 1 1— *» 322 

VRHDAVTHTIDIAP 



Partial nucleotide sequence and deduced amino acid sequence of a PCR product 
11.1. This PCR product was obtained using human erythroid leukemia cells as mRNA 
source in the cDNA preparation and primers B3-S and E8-AS in the PCR. 



CCCCACfiCCAGQTT TCCTCCGQTGAQQCACCCCCCCCCCCCCCCCSQgCCBBCCCACABBreeTftfirftftr 
I ' ' ' " 70 

CCCACCATCCAGGCGGWGTCCCTGCTCCGCCTCCCCCGCTCCTCCTCCTCGTGCTCCCGOCGGCGCCGG 

' 1 ' 1 b HO 

HEAAVAAPRPRILLLVLAAAA 

CGGCCCCGCCCGCGCTGCTCCCGCGCCCCACOGCOTTACAGTGTTTCTGCCACCTCTGTACAAAAGACAA 

' ' J ' ' ' ' ' 1 1 1 1 ■ '-210 

AAA^AALLP GATALQCPCHLCTKOH 
TTTTACTTGTCTCACA CATCCCCTCTCCTTTGTCTCTCTCACACACACCACAGACAAACTTATACACAAC 

■ ■ ■ ■ 1 ■■ «■ 260 

FTCYTDQCCFVSVTE TTDKVIHN 

AGCATGTGTATAGCTGAAATTCACTTAATTCCTCGACATACGCCGTTTQTATGTCCACCCTCTTCAAAAA 

' ' ' - ' 1 1 1 1 1 ■ 1. 350 

s "CrAEIDL!PRDRPFVCAPSSK 
CTOCGTCTGTGACTACAACA TATTCCTGCAATCACGACCATTCCAATAAAATACAACTTCCAACTAeTftT 

■ ' ■> ^ <)2 0 

TGSVTTTYCCNQOHCNK ielpttv 
AAACTCATCACCTGGCCTTGCTCCTQTOGAACTGCCACC-r GTCATTCCTCGACCAGTGTCCTTCGTCTGC 

K3SPCL6PVELAAV IAGPVCFVC 
ATCTCACTCATGTTQATQQTCTA TATCTGCCACAACCQCACTGTCATTCACCATCGAGTGCCAAATGAAO 

■ ' ' 560 

13LM LMVY I CHN.RT V I HHRVPNE 

ACCACCCTTCATTAGATCQCCCTTTTATTTCAGACCGTACTACCTT GAAACACTTAATTTATGATATGAC 

' ■■ 630 

EDPSUORPFI3EGTTLK0LIYOHT 
AACCTCACQTTCTCCCTCAGOTTTACCATTGCTTQTTCACA GAACAATTQCqAGAACTATTGTGTTACAA 

" ' ' ' 1,1 1 700 

T3GSGSGLPLLVQRT I A R T I VUG 
GAAAGCATTGGCA AACGTCGATTTGGACAAGTTTCGAGAGCAAAOTCCCGCGGACAACAAGTTCCTCTTA 

' ' ' ' " 770 

ES1GKGRFGEVVRGKWRGEEVAV 

AGATATTCTCCTCTACAGAAOAACCTTCCTC GTTCCCTGACGCAGACATTTATCAAACTGTAATCTTACC 

■ ■ - 810 

K IFSSREERSVFREAElYQTVnLR 

TCATGAAAACATCCTCCGATTTATACCAC CACACAATAAAGACAATGCTACYTQGACTCAGCTCTCCTTC 

■ ■ ' i . . ■ 1 ■ 910 

HEM I LQF I AADNKDNCTVYQIVL 

GTGTCAGATTATCATCACCA TCGATCCCTTTTTGATTACTTAAACACATACACACTYACTCTGCAACCAA 

' ' 1 J ' ' 960 

V30YHEH03LFDYLMRYYVTVE0 
TCATAAAACTTGCTCTCTC CACGCCGAGCGGTCTTGCCCATCTTCACATCCACATTOTTGGTACCCAAec 

1 ' ' ■ 1050 

HIKLALSTASCLAHLHHE1VGT00 

AAAGCCAGCCATYCCTCATACACA TTTGAAATCAAAGAATATCTTGGTAAAGAAGAATCCAACTTGCTCY 

' ' b. ■ ■ ■ ■ ■ ■ , . ,120 

KPAIAHRDLK3KNILVKKNCYCC 
ATTQCAGACT7AGGACTGGCAGTAACACATCAT TCACCCACAGATACCATYGATATTGCTCCAAACCACA 

1 ' — - It 90 

IA0LGLAVRHOSATOTIOIAPNH 

GAGTCCCAACAAAAACGTACATCGCCCCTGAAG TTCTCGATGATTCCATAAATAYOAAACATYTTQAATC 

' ' ' ' ' — 1260 

RVGTKRYn A'PEVLDDStNHK HFES 
CTTCAAACCTCCTCACATCTAT GCAATCCCCTTACTATTCTCGCAAATTGCTCGACGATQTTCCATTCCT 

11 ' ' ■>■ 1330 

FKRAD I YAHGLVFVE I A R R C 3 IG 

CCAATTCATCAAGATTACCAACTCCCTTATTA TGATCTTCTACCTTCTCACCCAYCAOTT0AA6AAATGA 

■ ' ' ■ ' ' ' — «■ J400 

QIHCDY0UPYY0LYP30P$VEEH 

CAAAACTTGYT YGTCAACACAAGTTAACCCCAAATATCCCAAACACATC0CA6AGCTGTGAAGCCTTCAG 

' ' ' ■ ' " ■' ■• 1470 

RKVVCEOKLRPN'tPNRVQSCE AlR 
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AQTAATGCCTAAAATTATGAGACAATGTTGOTATCCCAATGGAOCAGCTAGCCTTACAOCATTOCQGATT 
. ■ ■ 1640 

V M A K I flRECVYANGAARLTALRl 
AAGAAAACATTATCGCAACTCAGTCAACAGGAACCCATCAAAATGTAATTCTACAGCTTTGCCTGAACTC 

' " h ~~ 1 ' ' ' 1 ' u 1610 

KKTLSQL8Q Q EG I KM. 
TCCTTTTTTCTTCACATCTGCTCCTGGCTTTTAATTTGGGAGGTCAGTTCTTCTACCTCACTGA6AGGGA 

' 1 ■ 1 ■ ' ' ieao 

ACAGAAGCATATTGCTTCCTTTTCCAGCAGTGTAATAAAGTCAATTAAAAACTTCCCAGGATTTCTTTGQ 

' ' » ' » ' 1 111 1750 

ACCCAGGAAACAGCCATGTCGGTCCTTTCTG7GCACTATGAACGCTTCTTTCCCAGGACAGAAAATGTGT 
■ ■ ■ ■ ■ ' ■ * . ■ ■■■ t t$20 

AGTCTACCTTTATTTTTTATTAACAAAACTTGTTTTTTAAAAAGATGATTGCTGGTCTTAACTTTAGGTA 
. «— ■ 1 1 ' ' ' 1 1 1890 

ACTCTGCTGTGCTGCAGATCATCTTTAAGGGCAAAGGAGTTQGATTGCTGAATTACAATCAAACATGTCT 

1 — ^ 1 - 1 ' ' ■ ' 1 ^ — • i960 

TAT7ACTAAACAAAGTCATTTACTCCTCGTTACTACATTCTCAGAGGATTCTGAACCACTAGACTTTCCT 
* • 11 ' ' ' 1 1 u 2030 

TGATTCACACTTTGAATGTACTGTTCTATACTTTTTCAGGATCTTAAAACTAACACTTATAAAACTCTTA 

' 1 ' ' ' ' ' ' ' 1 2100 

TCTTGACTCTAAAAATGACCTCATATAGTAGTGAGGAACATAATTCATGCAATTGTATTTTGTATACTAT 

1 1 ' ' ' 1 1 2170 

TAT7GTTCTTTCACTTATTCAGAACATTACATGCCTTCAAAATGCGATTCTACTATACCAGTAAGTGCCA 

1 1 i ■ ■ ■ . 1 ■ 1 1 " ■ ■ ■ 1 22 40 

CTTCTGTGTCTTTCTAATGGAAATGAGTAGAATTGCTGAAAGTCTCTATGTTAAAACCTATAGTGTTT 

' 1 1 ' 1 1 » 2308 



Nucleotide sequence and deduced amino acid sequence of activin receptor related 
kinase • 5 (ARK-5). The sequence of cDNA clone EMBLA is shown, which was 
obtained by screening a human HEL cDNA library with PGR products 11.1 and 1 1 .2 
as a probe. 



12/11X92 17HS 



& 



t Available Copy 

IS INST UPPSALA SWEDEN - 071 49<^P 46 IS 506867 NO. 573 



COMPARISON OF KINASE DOMAINS 



percent jsfmllarity 



S * ////// 



CD 



70.5 



52.1 



45.1 



40.2 



sfl.e 



$1.7 



55.2 



65.5 



65.5 



81. 6 



6 



34.5 



35.1 



33.6 



35.5 



39.3 



32.6 



8 
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36.4 



37.9 



32.2 



34.4 



33.7 



34.6 



35.5 



42.2 



41.6 



78.0 



32.6 



36.2 



36.2 



45.8 



39.3 



29.9 



32.9 



27.1 



dendrogram 



6 



AWKfl 
ARK 2 
ApM3 
1 



1 f CR PR./ARK-4 
AfcftS/KD 
T3F&AII/KD 

AitRtllB/KD 
di iM/KD 
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ARK 
AR.K-1 
ARK'2 
Actn-fl/KjO 
ActR-llB/KD 
TGFBRIMKD 
daM/KD 



11.1 PC^Pa/ARK-4 
ARK-Srt<u 



muic un^ Tin it, cut ^TMnni >1 'C, Ann 9T 
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GGATCCGAGACATTAAQAGTAACAATGTGTTGATTAATACCTACAGTG6TGTTCTCAAGATCTCTGACTT 

1- ■■ ■' ■ I ■ I . . 1 ... i .... I . , ,1 i I I . . , I i i I 7Q 

R I ft 0 IKSNNVL INTYSGVLK I SOF 
CGGAACATCAAAGAGGCTTGCTGGCATAAACCCCTGTACTGAAACTTTTACT6GTACCCTCCAGTATATG 

■ ■ . I .... ■ ... i ■ ■ . .... t ....... . 1 • ■ - ■ ■ ) (|Q 

GTSKRLAGINPCTETF TGTLQ YM 
GCCCCCGAATTC 
. u+ !52 

A P E F 



Nucleotide sequence and deduced amino acid sequence of a PGR product 5.1 . This 
PGR product was obtained using human erythroid leukemia cells as mRNA source in 
the cONA preparation and primers B7*£ and E8-AS in the PCR. The primer 
sequences are included ; these sequences, in particular sequence forming the 
restriction sites, may not correspond with the gene sequence from which the PCR 
product was derived. 
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DC / J 7 • J 



■ami t icmt f^TMnm 



I 1^ I C t U"3C>-3^j Tim T ICUT e*,TMrrm '(TtT^T Aflll QT 



GCGGCCACACTCTGCGGCTCCCCCATGTACATGGCTCCCGAATTC 

i ■ > i . . . . .i i , — — *- 45 

A A T L C G S P* M Y MAP E F 



Partial nucleotide sequence and deduced amino acid sequence of a PCR product 3.1. 
This PCR product was obtained using human erythroid leukemia celts as mRNA 
source in the cDNA preparation and primers B7-S and E8-AS in the PCR. The pnmef 
sequence is included ; this sequence, in particular the sequence forming the restriction 
site, may not correspond with the gene sequence from which the PCR product was 



derived. 



Am I 



\lz-4 



GGATCCGCTGACATCAAGACCTAAGAACATCATCGTCAGCAGCCAGGCCCACATCAAACTGACCGACTTT 

I « 1 1 1 ' ' ■ ' «■» ■ , t , , ■ 1 i i i 70 

D PLTSRP*KNI IVSSQAHIKLT DF 
GGACTCTGCAAGGAGTCTATCCATGAGGGCGCCGTCACTCACACCTTCTGCGGCACCATTGAGTACATGG 

' • 1 1 ' ' ' 1 ' . . u 140 

^ !: ^ * ESIHEGAVTHTFCGTIEYM 
CCCCTGAATTC 
i 4* |51 



Nucleotide sequence and deduced amino acid sequence of a PCR product 1/2-6. 
This PCR product was obtained using human erythroid leukemia celts as mRNA 
source in the cDNA preparation and primers B7-S and E8-AS in the PCR. The primer 
sequences are included ; these sequences, in particular sequence forming the 
restriction sites, may not correspond with the gene sequence from which the PCR 
product was derived. 



T3v t c 1 1 i-jc^u -ami tight c^TMann Ppi : ) t t>c 



TOG 



GQATCCCGGACATTAAATGCAAGAACATTCTGGT6AAQAAAAAT6GCATGTGTGCCATA6CAGACCTGGG 

| ■ - ' ■ ' ■ ■ ....... I . . .. . I ■ , , ■ , ,1 ,1 ,i l yQ 

R IPO IKCKNILVKKNGMCA IADLG 
CCTGGCTGTCCGTCATGATGCAGTCACTGACACCATTGACATTGCCCCGAATCAGAGGGTGGGGACCAAA 

- - ■ ■ ■ - ■ ■ ■ . .... i — , — _, — i . i i i . ■ i t i i \ 

LAVRHOAVTDTIO IAPNQRVGTK 

CGATACATGGCCCCAGAATTC 
1 1— — i . » 161 

h Y M A P E F 



Nucleotide sequence and deduced amino acid sequence of a PCR product 1/2-7. 
This PCR product was obtained using human erythroid leukemia cells as mRNA 
source In the cDNA preparation and primers B7-S and E8-AS in the PCR. The primer 
sequences are included ; these sequences, in particular sequence forming the 
restriction sites, may not correspond with the gene sequence from which the PCR 
product was derived. 
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Northern b ot analysis . 
mRNA (2 rfilcrogram) from different human tissues (Clonteeh, CA, usa) 
was hybridized with a radiolabeled 1 kb EcoRI fragment of cONA clone > 
EMBLA. corresponding to ARK-5, In the presence of 50 % formamide 
SSC. Filter was washed with 0.5 x SSC, 0.1 % SOS at 55 C. Lanel , 
lane 2, brain; lane 3, placenta; lane 4, lung; lane 5. liver; lane 6, skeletal 
muscle; lar)e 7, kidney; lane 8, pancreas. 
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